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flavonoids and are abundant in edible plants. [5] . Scientific investigations on the bioavailability of chalcones from food sources are limited but variety of synthetic chalcones has been reported to possess a wide range of pharmaceutically important biological activities like antimicrobial antimalarial, antileishmanial, anticancer and antioxidant [6, 7] .
In the present study the biphenyl substituted chalcone derivatives were synthesized, characterized and evaluated for in vitro anti oxidant through chemical antioxidant assays like DPPH scavenging assay. Selected compounds were further screened for antioxidant property by radiation induced oxidative stress in E. coli K12 bacteria strain. The compounds were also screened for antimicrobial efficacy against selected strains of both gram positive and negative bacteria. An in silico docking of the newly synthesized compounds to methionyl-tRNA synthetase enzyme was attempted to support antimicrobial efficacy of the compounds.
RESULTS AND DISCUSSION

Chemistry
The Claisen-Schmidt condensation is an important C-C bond formation for the synthesis of 1,3-diaryl-2-propen-1-ones (chalcones). It is generally carried out using strong bases such as NaOH or KOH in polar solvents (MeOH/EtOH or DMF). The yields of the synthesized compounds were found to be significant. The structure of the synthesized compounds was confirmed by IR, 1 H NMR, LCMS and elemental analysis. Elemental analysis showed that the percentage of the hydrogen and carbon was found to be experimentally equivalent to the calculated values for all compounds. LCMS of the synthesized chalcones showed peak corresponding to the molecular mass. In 1 H NMR(400MHz) spectrum of C5 a singlet appeared at δ 3.83 was due to OCH 3 substituent of the phenyl ring. The signal due to two olefinic protons appeared at δ 7.02-7.05 as a doublet. The multiplet appeared in the region δ physicochemical data for the synthesized compounds are given Table 1 . Table 1 . Analytical data of chalcone derivatives C1-C10
Biological evaluation
Antioxidant activity by DPPH scavenging assay
DPPH is a stable radical that has a high absorption at 517 nm. When a odd electron of DPPH is paired up with electron taken from phenolic compounds, the absorption at 517nm decreases.
The degree of decolorization is a measure of the reducing capacity of compounds and whereby it enables to evaluate their antioxidant activity. The compounds with two or more electron donating groups have lower anodic peak potentials and higher antioxidant abilities than mono-substituted phenols [8] . 
Enzymatic activity measurements
Most environmental bacteria experience oxidative stress from a variety of sources. The reactive oxygen species (ROS) can be produced in cells not only during microbial aerobic growth as by-products of normal cellular metabolism but also under stress situations. To explore the ameliorative effect of C5, C7 and C8 on defensive enzymes in bacteria E. coli K12 was exposed to gamma radiation at 0.2 and 0.4 Gy dose as shown in the Fig.2a 
SOD
TBARS level estimation
In biological membranes, lipid peroxidation is frequently a consequence of free radical attack.
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The peroxidation of unsaturated fatty acids of cells produces many reactive species, such as free radicals, hydroperoxides, and carbonyl compounds, which may cause damage to proteins and DNA. Lipid peroxidation is a continual process in living aerobic cells; it is maintained at a low level; and it can be prevented from entering into the autocatalytic phase by protective enzymes and antioxidants [10] . 
Antibacterial studies
The newly synthesized compounds were also screened for their antibacterial activity against Escherichia coli K-12, Staphyllococcus aureus, Salmonella typhi, and Bacillus subtilis bacterial strains by disc diffusion method [11] . Among the tested compounds, the compounds C4, C9 and C10 have emerged as active against all tested microorganisms.
The antifungal and antibacterial activities of the C3, C9 could be attributed to the presence of halogen substituents. However, based on this promising observation, it is immature to arrive at the conclusion on structure activity aspect of these molecules and further evaluation is needed. The data is given in the Table. 2 and the minimum inhibitory concentration (MIC) values of the compounds tested against bacteria and fungi are given in the Table 3 . Table 4 . Colony forming unit studies of E. coli K12 during post radiation treatments.
Putative molecular interactions with metRS by molecular docking simulations
The chalcones C1-C10 have been docked into the active site of the methionyl-tRNA synthetase (metRS) (PDB ID: 1A8H). The calculated docking and binding (G) energies (in Kcal/mol) of the compounds are shown in Table 5 . Based on the calculated binding energies compounds C4, C9 and C10 should be potent antibacterials. 
3.3.Determination of antioxidant activity by DPPH scavenging assay
The DPPH assay was carried out according to standard method with slight modifications. The absorbance of stable DPPH• was read at 517 nm using UV-vis. spectrophotometer and the remaining DPPH was calculated. [13] .
Modulatory effect of compounds against oxidative stress induced by gamma radiation
Bacterial Strain, Culture Conditions and preparation of bacteria for irradiation
Stocks of E. coli K12 were routinely maintained on slopes of nutrient agar and sub cultured into LB broth, which was incubated overnight at 37˚C under the moderate aeration. An overnight broth culture was inoculated into 5 ml. broth, which was incubated for 1.5 hr. From this culture 0.2 mL was inoculated into a fresh bottle containing 5 mL LB broth, which was rotated in the incubator for 1.7 hr. The suspensions were centrifuged and washed three times with phosphate buffer (pH 6.9) and finally resuspended in buffer. This was used for further studies with suitable dilutions. E. coli K12 taken from the stock was grown aerobically in liquid LB broth at 37ºC at 150 r/min. The compounds C5, C7 and C8 at the concentration of 20µg/ml was added to cultures at the same time of inoculation which were then incubated for 24 h before harvesting for enzyme activity studies. DMSO solvent was used to dissolve C5, C7 and C8 hence 200µl DMSO (control) was also added to cultures that were incubated for 24 h in liquid LB medium [14] . Polypropylene vials (containing bacteria culture in LB media) were kept under water phantom at a specified depth as shown in Fig.(2a) . The vials were irradiated to doses of 0.2Gray and 0.4 Gray under cobalt unit which is illustrated Fig.(2b) .
Irradiation of bacteria sample
Bacteria Harvest and Lysis Procedures
Bacteria cells were harvested from 6 mL liquid culture by centrifugation and washed twice using ice-cold 0.9% sodium chloride solution. Pellets were re-suspended in 3 mL 0.9% sodium chloride solution and then subjected to 99 cycling of sonication in an ice water bath for 3s followed by cooling for another 4s. Cellular debris was removed by centrifugation at 10000 g at 4ºC. The supernatants were collected for SOD, CAT, and TBARS levels were determined.
Enzymatic activity measurements
Bacteria homogenate were used for Catalase activity measurements. Dismutation of hydrogen peroxide by catalase was registered using spectrophotometer at 240 nm [15] . The activity of SOD was assayed at 406 nm as the inhibition of quercetin oxidation by superoxide anion [16, 17] .Protein estimation was carried out using bacteria homogenate by Lowery's method [18] .
Thiobarbituric acid-reactive substances
TBARS were measured in bacteria cell suspension by the standard procedure [19] . For this, 1.0 ml cell suspension (about 2-3 µg of protein) was precipitated by the addition of 1.0 ml of 20% w:v TCA, centrifuged and the supernatants were mixed with 2.0 ml of saturated solution of thiobarbituric acid in 0.1 M HCl and 10 mM butylated hydroxytoluene. The samples were heated for 60 min at 100°C in a water bath. 1.5 ml aliquot was then removed, chilled and mixed with 1.5 ml of butanol. The mixture was centrifuged for 10 min at 4000 g. The organic fraction was removed and optical density at 535 nm was measured using spectrophotometer Standard Plate Count Agar. The non irradiated and irradiated samples were serially diluted with sterile saline and each diluent (100 mL) was spread in triplicate on to each agar plate.
The agar plates were incubated at 37ºC for 48 h and then the colony forming units (CFU) per milliliter of the sample were calculated [19] .
Antibacterial screening and Minimum inhibitory concentration
Antibacterial activity
The newly synthesized chalcone derivatives C1-C10 were screened for their antibacterial activity against bacterial strains by disc diffusion method. Fluconazole was used as a standard drug. Solvent and growth controls were kept [20] .
Minimum Inhibitory Concentrations (MIC)
The MIC of all synthesized compounds C1-C10 was determined by a micro dilution method.
The respective clinical strain was spread separately on the medium. The wells were created using a stainless steel sterilized cork borer under aseptic conditions. The compounds C1-C10 
Docking calculations with ICM (Internal Coordinate Mechanics) dock.
All the docking calculations of compounds C1-C10 in this article were performed using the ICM™ docking module with the default setup as earlier mentioned [21] 
Preparations of the inhibitors and target molecules
The 2D structures of the chalcones (in mol file formats) have been converted to 3D and energy minimized at the 3D space of ICM environment. The atom types using local chemical environment, Merck Molecular Force Field (MMFF) 3-9 formal charges and 3D topology were assigned. The lowest energy conformers of chalcones were then docked into targets for antibacterials, the target was methionyl-tRNA synthetase (metRS) (PDB ID: 1A8H10).
All the docking calculations were performed using the 'interactive docking' menu at the ICM environment. After docking the stack of docking poses were checked visually. Multiple stack conformations were selected based on their docking energies, rmsd values (compared between the docked model and x-ray conformation) and similarities to closely related x-ray crystal structures from PDB. Then the best conformations for each of the compounds were finally chosen, and then their binding energies were calculated using ICM script (briefly described in the following 'Calculation' section).The correlation between the activity profiles and the binding energies (Cal.G) are presented in Result and discussion section.
Calculations of free energies of binding
For each of the individual docked complexes the free energies of binding (Cal.G) between the protein and ligand was calculated using ICM script utilizing the equations 2 and 3.11
Here GH is the hydrophobic or cavity term, which accounts for the variation of water/non-water interface area. GEL is the electrostatic term composed of coulombic (GCOUL) interactions and desolvation (GDESOLV) of partial charges transferred from an aqueous medium to a protein core environment. GS is the entropic term which results from the decrease in the conformational freedom of functional groups buried upon complexation;
and finally the C is a constant accounts for the change of entropy of the system due to the decrease of free molecules concentration (cratic factor), and loss of rotational/translational degrees of freedom [22] 
Interpretations of intermolecular interactions
To study the intermolecular interactions between the targets and the compounds LigPlot12 were used to plot the interactions from 3D to 2D. Beside LigPlot, ICM (www.molsoft.com) and Discovery Studio Visualizer (www.accelrys.com) also been used to analyze the interactions in 3D space.
CONCLUSION
acetophenone and substituted benzaldehydes in a Claisen Schmidt condensation reaction.
They were characterized by analytical and spectral studies. The compounds were screened for DPPH scavenging activity. Among the tested compounds C5, C7 and C8 exhibited very good activity. Based on DPPH scavenging activity these molecules were selected to study modulatory effect on gamma radiation induced oxidative stress markers in E. coli K12. The This results support the in vitro antimicrobial activity studies. Hence this further opens scope for screening of these newly synthesized molecules for probable antioxidant, radioprotective and antimicrobial activities in higher model system.
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